ABSTRACT BACKGROUND Increases in life expectancy has meant that a higher proportion of patients presenting to surgical assessment units are now elderly. Abdominal computed tomography (CT) can provide early and accurate diagnosis in the elderly, even in the presence of incomplete clinical and biological findings. The aim of this study was to investigate the use of early CT imaging in elderly patients presenting directly to the surgical assessment unit. MATERIALS AND METHODS All consecutive patients aged 65 years and over admitted directly to the surgical assessment unit between January 2017 and April 2017 were identified. Data were collected on demographics, laboratory investigations, radiological investigations and hospital admission. The primary outcome measure was overall length of stay. RESULTS A total of 200 consecutive patients were identified and included over a six-month period. This comprised 110 women and 90 men with a median age of 78 years (range 64-98 years). A total of 83 patients underwent CT on admission to the surgical assessment unit. White cell count (WCC) and C-reactive protein (CRP) results were significantly higher in patients undergoing CT (P = 0.001). Median length of stay for patients undergoing CT was 5 days (range 1-19 days). This was significantly lower than those patients not receiving CT imaging, at 6 days (range 1-105 days; P = 0.034). DISCUSSION CT should be considered as a first-line investigation when elderly patients with an acute abdomen are admitted to surgical assessment units. Early CT can accelerate hospital discharge and decrease overall length of hospital stay.
Introduction
The population of the UK is ageing. 1 What defines an elderly person varies considerably in the literature; however, the most widely used reference is that of the World Health Organization, which classifies an individual aged over 65 years as elderly.
2, 3 As of mid-2016, 18% of the UK population falls into this category. 1 This increase in life expectancy has meant that a higher proportion of patients presenting to surgical assessment units are now elderly. For acute surgical admissions, a common shortfall in this patient group is poor preoperative assessment and delay between admission and theatre. 4 Clinical diagnosis can be complex due to multiple comorbidities, polypharmacy, insufficient patient details and atypical presentations. 5, 6 Abdominal CT can provide early and accurate diagnosis in the elderly, even in the presence of incomplete clinical and biological findings. 7 A substantial proportion of emergency admissions are via accident and emergency departments. 8 For elderly patients who present via this route, the use of early CT can not only influence decision making but also significantly affect their discharge times. 9 Many patients, however, are still referred to surgical assessment units directly via the GP and community. 8 This route requires the presence of hospital assessment beds and junior doctors are tasked with clerking and investigating these patients with limited clinical information to hand. The aim of this study was to investigate the use of early CT in elderly patients presenting directly to the surgical assessment unit. The authors hypothesise that CT during acute surgical admission in the elderly cohort reduces hospital length of stay through earlier diagnosis and initiation of appropriate management.
Materials and methods
In this retrospective observational cohort study, all consecutive patients aged 65 years and over admitted directly to the surgical assessment unit between January 2017 and June 2017 were identified. Data were collected from a surgical admissions unit database and verified alongside clinical records and hospital patient management systems. Data were collected on patient demographics, date and time of admission and date and time of discharge. Admission data were categorised as either weekday or weekend and day shift (8am to 7.59pm) or night shift (8pm to 7.59am). Patients who required overnight hospital admission for investigation and treatment were included; those discharged the same day were omitted from further analysis.
Initial laboratory investigations for WCC, CRP and evidence of acute kidney injury on admission were collected for all patients. The date and time of any initial x-ray investigations performed were recorded, alongside date and times of any further radiological investigations in the form of CT. For all patients undergoing CT, the main report findings were documented.
Overall length of hospital stay was calculated for all patients. In patients undergoing CT investigation, length of stay from point of CT to discharge was also documented. All inpatient deaths were recorded.
The primary outcome measure was overall length of stay. Differences in variables between groups (No CT vs CT) were calculated using the chi-squared test for categorical data and one-way analysis of variance for continuous data. A P-value of less than 0.05 was deemed to be statistically significant. All statistical analysis was performed using SPSS 23 (Version 23).
Results

Demographics
Some 163 patients (82%) were admitted during a weekday, while the remaining 37 patients were admitted during the weekend; 142 patients were admitted during day shift working hours, with 58 patients being admitted during night shift working hours. No significant differences between groups were identified for age, gender, day of Table 1 Baseline characteristics for all patients (data expressed as whole numbers).
Parameter
No CT imaging (n=117) n (range)
CT imaging (n=83) n (range) admission or time of admission. Baseline characteristics of both groups are demonstrated in Table 1 .
P-value
Laboratory Investigations
The median WCC for patients not undergoing CT was 10 x 10 9 cells/l (range 3-24 x 10 9 cells/l). This was significantly lower than those undergoing CT at 13 x 10 9 cells/l (range 3-40 x 10 9 cells/l); P = 0.001. Similarly, the median CRP for patients not undergoing CT was 9 mg/l (range 5-339 mg/l) compared with those undergoing CT imaging at 49 mg/l (range 5-323 mg/l); P = 0.001. A total of 63 patients (32%) were diagnosed as having acute kidney injury on initial laboratory investigations. In those patients who underwent CT, the proportion with acute kidney injury was significantly higher (P = 0.002).
Radiological imaging
A total of 58 patients did not undergo any x-ray investigations; 22 of these patients (38%) proceeded directly to CT. The median time to CT in these 22 patients was 4.89 hours (range 0.57-16.93 hours). Of the 142 patients that underwent x-ray investigation, 61 (43%) went on to have further CT performed. The median time from x-ray to CT was 9.95 hours (range 0.35-23.85 hours). Thirty-six patients (18%) had neither x-rays nor CT imaging performed on admission. Of these 36 patients, 9 had undergone recent outpatient CT imaging, 5 had abdominal ultrasonography performed on admission and 3 patients proceeded directly to endoscopic retrograde cholangiopancreatography (Fig 1) . Only three patients in total (4%) undergoing CT had scans that were reported as normal intraabdominal findings. The most common CT diagnoses are highlighted in Table 2 . A total of seven patients had CT despite both normal WCC and CRP levels. Of these patients, three had evidence of diverticulosis, one was diagnosed with an abdominal aortic aneurysm, one had gallstone disease and two scans were reported as normal.
Surgical intervention
Twenty-eight patients required surgical intervention during their acute admission, with all patients undergoing CT prior to theatre. Median time from x-ray to CT was 4.5 hours (range 0.78-20.13 hours). Median length of stay in patients requiring surgical intervention was 4 days (range 1-14 days). 
Inpatient mortality
Nine patients (5%) died during their acute admission: five male and four female, with a median age of 88 years (range 67-96 years). Six patients did not undergo inpatient CT compared with three patients who had CT on admission; P = 0.611. The most common cause of death was metastatic colorectal cancer (n = 4). Other causes were ischaemic bowel (n = 3), severe acute pancreatitis (n = 1) and aspiration pneumonia (n = 1).
Length of stay
Median length of stay for patients undergoing CT was 5 days (range 1-19 days). This was significantly lower than those patients not receiving CT at 6 days (range 1-105 days); P = 0.034. Median length of stay from CT to discharge was 4 days (range 1-14 days).
Discussion
The results of this study demonstrate that early CT in elderly patients admitted to surgical assessment unit can accelerate hospital discharge and decrease overall length of hospital stay. Baseline characteristics were similar among the groups, with the only significant differences identified in WCC, CRP and the presence of acute kidney injury. Patients who underwent early CT presented with higher baseline WCC and CRP levels. Surprisingly, a higher proportion of patients with acute kidney injury also underwent CT, indicating that the need for urgent diagnosis outweighed concerns over the risk of further kidney injury. One study has shown that intravenous contrast is not associated with increased frequency of acute kidney injury, therefore rejecting the notion that CT should be delayed until adequate fluid resuscitation. 10 Publicity from the work generated by Freemantle et al. highlighted the negative effects of weekend care provision on patients, indicating that mortality risk is higher when compared with those admitted during weekdays. 11 A more recent multicentre study by Walker et al. has argued that these differences in mortality arise from patient differences rather than reduced hospital services and care on weekends. 12 Similarly, our results demonstrated that frequency of CT was not influenced by admission day or time, thus excluding any treatment bias. Plain chest or abdominal radiographs are conventionally seen as the recommended diagnostic modality in demonstrating signs of pneumoperitoneum or bowel obstruction. However, not only do they provide limited clinical information, they can also be misleading. 13, 14 Furthermore, any overt signs on a plain radiograph will likely require more detailed CT. 14 Almost 25% of patients who underwent CT within our study were diagnosed with either bowel obstruction or visceral perforation. There is evidence to suggest that CT is not only the most accurate diagnostic modality for evaluating pneumoperitoneum but also has a far superior sensitivity in detecting bowel obstruction than plain radiographs. [14] [15] [16] The proportion of patients undergoing x-ray was similar within both our study groups. Some patients waited almost 24 hours following x-ray before undergoing CT. We argue that these plain radiographs only served as a delay in those requiring further imaging and subsequent management; these patients should be proceeding directly to CT. Furthermore, obtaining a CT-confirmed diagnosis that requires surgical intervention earlier would allow for more appropriate CEPOD classification. Such patients could be classified accordingly (immediate, urgent or expedited) based on pathological findings, allowing for timelier intervention and earlier recovery for discharge. Many UK institutions are increasingly adopting the use of Everlight Radiology (previously Radiology Reporting Online) -an off-site radiology requesting service that provides round the clock emergency CT reporting. 17 It is important to appreciate that not all presentations require CT; cases of suspected cholecystitis can be easily diagnosed by ultrasonography. Unfortunately, ultrasonography is not readily available out of hours in most institutions and CT should be adopted as an alternative for these cases. CT provides an advantage over ultrasonography in obese patients or where gaseous distention limits the view. 18 It also allows for better assessment of the complications of acute cholecystitis. 19 Exclusion of same-day discharge patients was necessary as some admissions to the surgical assessment unit were either inappropriate (incorrect department) or equivocal and requiring no investigation or treatment. The greater problem with the elderly cohort arises through discharge planning, 20 and the length of stay in some of our patients would have been influenced by social circumstances. Many are either living alone, resident in care homes or requiring packages of care that need reinstating. Relocation to such destinations often requires thorough planning and appropriate reassessment prior to discharge. Many elderly patients may even require rehabilitation placement for an interim period prior to returning home. Prolonged hospital stays and delayed discharges can affect patient mobility and independence, as well having broader financial implications for the trust. 20 This study is limited by both its retrospective nature and small sample size. The inclusion of social circumstances and American Society of Anesthesiology grades would have provided a more comprehensive analysis of our patient cohort. Further work should aim to be prospectively gathered over a longer timeframe to eliminate these confounding factors. Despite these limitations, the authors feel that the frequency and use of radiological modalities within this study reflects contemporary surgical practice within a district general hospital and this study has emphasised the benefit of early CT in acutely unwell elderly patients. CT should be considered as a first-line investigation when elderly patients with an acute abdomen are admitted to surgical assessment units.
